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(54) Tide: ARTICULATED ARM TRANSFER DEVICE 
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A concentric-shaft rotational drive system for an articulated aim transfer device (3) adaptable for imparting movement 
inside a vaccunm chamber (2) wherein rotary movement is imp^r*^ to rotors (7, 9) inside the vaccum chamber (2) by 
fields produced by staters (8, 10) outside the vaccum chamber. 
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sdT \33sr niB Jusnai^ostsz^ vzak-^d rrrzs ^CjOS[3 ra-t&v ~> 

, r ^ rT , ^ - ARTICULATED ARM TRANSFER DEVICE 

rfoxifw x s&ila i£s aril ojno 10 mcrri 1311723 9^ 5c a^o rzo orai 
5 BACKGROUND OF THE INVENTION _ 

10 * a ^ r The / apparatus" of rf tfie -presen^i rel at eV-gener al ly 

to material transfer* devices; v The *material^ transferred might 
include, but not be limited to, ^semiconductor wafers /^such as 
^ s HllI*on* n and°^^ * 
substrates , -such 'as High Density 'Interconnects , semiconductor 
15 manufacturing 3 -process ~ imaging' plates? such^as^ masks- or 
reticles, " and'large area display panels, such as 'Active Matrix 
A L'^Vubstrate 5 ^ *° s nx ^ e ^ 3 T - 

so Qi ^Dscclo srfrr asrf brrs Bd 3 g3 5sIqi;oD ai mci^slq 

2. D eger i P tion of the Prio^il-t 3 ^ ^^cqaib tesiansU 
2Q —-^^^Th^-tVansfer^of - 0 delicate^silicon wafVrs or* "the like 
between a plurality of work stations or locations"in J ' a the 
manufacture of semiconductor devices presents unique~handlmg 
problems. The silicon wafers are very delicate and have 
highly polished surfaces'. When'the wafers are^ abHiptly' moved, 
25 tney tend to slide. This sliding action can cause the silicon 
wafers to abrade or alternatively "can cause damage to their 

^ There are numerous devices described m the prior art for 
transferring" silicon wafers" For example: ' — " ^^^^ - 
30 9vi ^> s «?s?^ffiflBBfc ^f^3f83^ ci^I^# i a^ D ^ 
^-^cllSfeB 5 a^Safepi^ c^rrier^^th^a^luMi^^^^ 

the silicon wafers and a 'withdrawal device having a -vacuum 
chuck. The vacuum 4 chuck is attached to an elevator which 
^T&k&tiSk iSSers^Si ^^^^"tefeSlitai^triag^^rm 
35 20 gS5^lia d t^ X §he " ^Sm^cMck li^s^d ? t 5 o d tTa^sW^t^lfir&on 
w arer from the supply carrier to a desired work station. 

U.S. Patent No. 3,370,595 discloses a wafer transfer 
handling apparatus having an indexable carrier for 
transferring wafers to and from work stations. Wafers enter 
40 and leave the wafer carrier on an air slide with the aid of 
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a wafer ejector acceptor arm having directional air jets. The 
wafer ejectbr^accepVor^ar^ of the wafers 

into or out of the carrier from or onto the air slide, which 
moves the wafers"-to - or-from-a-work-statxon. 
5 U.S. Patent Nos. 4,062,463, 3,874,525 and 4,028,159 also 

disclose wafer transfer device s iT which^^ 
yllSomppnents, or, grj.pping : devices^ wa£ ers . C£ 
l^sm fcsi- S^a Pltent^Nos,.^ , £66 , 366 0 an dj 4 , f Of , J.01 disclose gafer 

10 - v which .extends ; and. retracts ,.in.a «£ roglike'' rD motion to. transfer 
---an-- object, such )£ as„a ^wafer, between , a, plurality of ^locations . 

Two . articulated arms^are operatiyely^cpupled such, that when- r 
v . one £ arm ; is -driven by r a r motor : ^the. articulated ^arms .extend and 
retract in a "froglike" or "frogkick" type. ^ of _ ^g^^°^vr A 
15 platform is coupled to the arms and has the object to be 
transferred disposed th ereon, Q± ^ q ^ ?o g pj^:^3gcL_^s 
„k 9 -J..S 0 . Parent ^ 951,^Ql^^d%loses^fe^ transfer Gi , 

_ Id handling, ^apparatus J^j^.an..^ 

- containinate the vacuum chamber. In the drive system r of -U.S . 
Patent No 4.951.601 .the inner .shaft „9 8 is mounted on a, drum _ c 
111 which is rotated by a cable 113 mounted on a drive.. 115 
which is rotated by a belt. It appear^^hat^^he.j.dri^e.gllS 

a rotary seal. ; ^^ollow ; ■ «^f fi ^5 ± f f a ^i^te^^ a 
.drum 101 which is rotated b\r a r cable 103 mounted O on a drive n c 
, . 100 _ which" r is rotated . .by e a. belt L " I.t is not clear, which 
components are inside the vacuum, J=>^t it seems clear- that some 
30 , .rotating member must ^rotate ^ in . an aperture in the. vacuum 
chamber, thus requiring, a rotary seal . The device of the 
present ^invention has nonsuch rotary^seals . All ^bearings' of ££ 
the present invention -are entirely, within the , .vacuum, and all 
^rotating -parts are entirely^ within, the i vacuum,. ? n 

10 bis ed3 ndxw sbxla lis as no ^extrtrsD 39isw srl^ svsel 5ns 0£ 
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strzrgx^ ~o :r js £ x SUMMARY; OPi THE;. INVENT I ON 3 srrxrgx*: 

s rioiriw n.Theix;presentvr£:iriventioricr.provides oaa ^, concentric-shaft 
rotational drive osyst em ~f or an articulated-arm -transf er.device 
adapted to transfer objects, such as silicon wafers, camera 
5 lenses, K:rystalrosci^ a plurality 

sprLsPf ]§.ocations3 dispqsedrinivariouSiaxial:;and ^radial planes, 
io £ I IswThe 3 -drivel systemrcpermits ^^the^-entire^Harticulated. arm 
:rs5s.assembly t'o^belrotated :in airadiar.plane^sclLike the ^apparatus 
b axof "theapriorrart, such ^rot at ion is£donecwhen the £end3 effector 

lOi^isis not ^ in ari^extended position. d&isorzzLS siL'jieqB L&-z3aBo 
^isiia ^enThea, drive; system falsocperTid.ts*.the;iplatf orra assembly to 
a"5,-be displaced tin "an axial .direct ioir* The assembly.£is ^adaptable 
ed3 forrusedLn a variety of ^environments 7 including~operation in 
er*5 a ^vacuum:? chainber 3^6r- ^others controlled '^environment? The 

IS^nSiTassetolyjmay-beqmounted .f or^movement ^inside ua^vabuuth^chalmber 
c o 'J iwi th h a vacuum seal= be tween^ th£* "assembly alid- its ^ supports 
-ioxriw n± rsriccns baa , ~'ocJ s^£^oi noxn;/ :ix sno c ~: 

2Svi22 noxdc-7 ^ s/^BRIEF . DESCRIPTION iOF 5 THE ^DRAWINGS 'sJos 
isUaL snFigure ,l:is .a^centrali:sectidnythroughta dual-shaft device 

20jttb constructed sin^ accordance: with the ^inventioneand ^connected so- 
as to drive an articulated arm transfer, device ~of~£t lie --type 
o&l disclosed ain3.Ui*S.srpatent No^5~, i80 P276- : 3t'o^Hehdrickson and 
^sdnas'signedoto thel assignee ofi-the insttotsappiicati6n?^^^ 
33srfa ^s^Pigure 2 oijsjra" -de fail Eo'f^a^p^reibiT d^f^theccentral^section 

255o rbf!oFigurexi:-:oqa 91103 le^arzsib is3uo rnumlz<snr s an±s33s bizs 

soslzua rFigure r3' is^ a^rdetailvof i-k portion -/of tfie rcentffaP section 
ax of -Figure 2yrtibnocas'x'xoo s bris y £ izsrla isJuo eri3 2o 
ax e ^orFigure v 4:Jis>/a:rpTan view^of 3' the ^devices ;bf-> Figureqi ; r 3 
a bns x c Figure 5 eis ianui^sometrxc:*:sketchf r of a^pri&r^af todevice ; 

30 .e ^o^fFigure 6o.is":aT plah'cview of £he~device2fcf^F-i^^ 

snximodif-iedsrto r:driyesan^ articulated arm") trarfsf £r^ r device^o"£I the 
srizt typeadisclosed^in co spending ^application^cs.erial No ."-997^773 
filed December;i28yv 1992 ^by-cEast^ to 
s Scthex.ass.igneeYof the£preserit ^appli;cation v r-^oJo^ rlosa 

35 asi^eS ^Figure s:7j is3 adccentralofrsections arongi the^oiine v*7-7 of 
*suiFigure;h67a:andi? 00£ 4 . onl ,\ngoIorxri3eT M^M ^ d bs^r u 3 d 3 :£ unsn 

. PVVI I >:^oY wsM v s;no:;{nor<{iioH 
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Figure 8 Ti's^ratTceh trail? section Isimilar to that of Figure 
3 2 sri a- rand ^showing another vembodim^tE^ which a 

soxvfSinglertootor^andatwojbrcdcesx-are lemployed^vx-sb Lsczot3s3oi 
stsitjbd x 2i92sw naoxlxa bb tip.ua x z3os£do rze^ens-x^ o3 bsuqsbs 
5^aii33i/lq s ciaewDETAILEDlDESCRIPTION ;0F- -THE ^INVENT! ON a aeanal 5 
. 29nsXq Is iiRef err irig*>-to~i Figures ^inthfough:=4*p a^moiihting ilange 
ims i>£i J s"- r atta J ched3t6^an apertured -regionlof^ the ibottomTwall 2 of 
aij^sa^yacuum chamber3£withih x.which rah ^articulated t arm ^transfer 
10^3 device r.£3 e is rsupported?,! r.The amounting f lange xitself 5has a 
10 central aperture through .which £two xconcentric output shafts 
0.5 vextend; nThe routeri.shaf tids ^designated :4>h and: the^ 1 inner shaft 
s £0.*= i s 3. r des ignat ed b 5 7 srAt the rextfemities of nt he ? "output^ shafts 
nx nwithinjctherivacuum chambero abpilot: bearing .6 ."separates' the 
3riT shaf.ts^andr.'supports^them^upon ieach other rci The two:shafts are 
IS^sonrindependent Iy5r0t.at.able rrsHowever , tin the. preferred [embodiment 
of - the^inyeiitipn the -relative motion; of r the shafts isdlimited 
to one in which they rotate together, and another in which 
they rotate>Tinvopposite^directionsp.s.The^:f ormer motion serves 
ecjrvto rotatelthe articulated^ armetransf er^device, =■ andithe latter 
20zb fcmotionocservesoJtocsextendi andw retract d the.xarticulated^ arm'' 
sav:transfer L dey i ce .isla nsi 3 ans hs3siuD±i~i& r.s svxib oj as 
bns noa^{c^feri^e?^shaf_t cLsl .longer than £the. router xshaf tvCrarid* the 
extrematysco£q&be^ ^haf to outside ^ thei • vacuumoichamber 

acxd^xtends Jbeyond -th^ ccDrre^sppnding lextremi ty iof the router shaft 
25 and attains a maximum outer diameter corresponding otb^that of c 
noiJsfee; ou rf te¥i£Shaf tj. 3<Arrp£p_&c7 ji S: (Support ed^ ori the -outer surface 
of the outer shaft 4, and a corresponding: statdr ^8 is 
supported * 0j1tsjL.de/5the rixotor^sZ::/ mSimi-larly-, sa'J^rdtor 9 is 
* x e^supported-x pn^cthe puteriisurf acejiof^£the;^inner shaft15, and a 
30^iJCL cprresppndingastatprslQ is. supported^ outside theorotor 9* 0 
sell Eachj^tatprxis sparjtt ofxa driveliWhich^rotatesithe :cdrriesponding 
shaf t on Asxrappe^arsjHher^ejLnafte^ /rbtbraciss inside 3 the 

oj s^cuum^aj^^ bsLil 

Each rot or- s tat or cp^ir s7 r&sand q9 j?i*0" maya £dx^p^cBf^f *S 
35^0 conventionale brushlessxDCssmotor^rsuchs asx the sM-nE&^K Series <=- 
manufactured by MFM Technology, Inc., 200 Thirteenth 'Avenue, 
Ronkonkoraa, New York 11779. * 
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-zs:znz ^n^Rotaryxinotioni: is -riraparted.: to. ^each. ^shafts by well-known 
3£ ^servomechanismi j techniques; s .wherein. 5 sPui table a signal is 
-00 applied:cto;ztherfcoils jofatheicstators : v V£ qmslo loJs^a s \d 
bebh^'ziq The yaryingepositipnovO.f Leach e shaf ts as.i3it.i3 rotates is 
5 JZ : 2 de t e c t ed^byaa ^sui t abl e ^s ing^me chani sin- iii^con^inajidpn^jrhich 
a suitable coded diskojorjothexlike^ 3 For xexantple^aacoded 
r XO ^pattern H3fj opague^portipns on a ^transparent 5 ddsk may be caused 
VI -to ;p.ass; { betveenj^7 sgurceqand^a^ldght x ^et_ectpjr:.q Inslieu 

sr £-; of— siichivan ppticalonsens^ a 3 j^gnet : ic:o sensing 

1 0 3 p :: jne chani sm^ ,may sJoe . employed wh^e rein g S a ^ coded rspattern of 
r 1B magne^izedjportdon^ j rj^^ a -magnet^ic^ disk a may be £ magnetically 
scanned. Alternatively, the sensing mechanism^qmay be 
Lz j J^chanicals^ such£ as^ ja ^combination ^pf r a jgearxand^asswitch, or 
nz it vtnayi/bea acoustical ,ncwith protation 3 of ^jeach? shaf t ^producing 
15^;: coded clicks. t)f some;) sort ;1 even electrostatic systems cmay be 
c\ designed 71 -Foripurposes: of jdlllustration^vandiwithout -limiting 
v:.::thei.scopeT of . Ithe re inventions thereto, 3 an: optdcali a sensing 
spi mechanism cwili^rnown:beb described ;^i5 spnzauori svi^rr* sldBv-ofi: 
e kj z diskrrll issaf fixed; to r,the , outer f .extremi t'yj-of :rthe \put er 
20 3^-; shaf t 4 £ byf:a9Clampiplate,rl2 .[3 Thisridiskdhas'-a-* coded -pattern 
bixs of ^opague-port iohsb which: pass: betwieen^a rlight emit ting-:di ode 
ex -1 housing! 13.aJand7 aljsread^ iheadonl4, .fcf-romzDiWhichd avfsignal is 
. £3^transmi.tJtjed:;£to stheicappropriate a external^ccircuit 3 -through a 
signatcf eedthroughia5;o^ 13 , 

25 ad the / rjeadrhe.ad^ andi the signalo f eedthrougbclS £=are' support ed 
. cnPnjca: £rdve ^hpusingxrlJ? awhichxfisiof ixed{-ands;f orms>spartotpf a 
n0 xyacuui^£dght. tub^ to the 

gnxPV-ter \£Sha.£ tv^:, ^fuid.i£thenr.s.tat.Qrsi83 jis;Baf f ixedb^to- £the rdrive 
a^ahousing3l6 byj aastator^clampxl8 #o positipned^so^that zthe tstator 
30 3 vi 80 cans-jRpj- actri^jLth sthe irptpr^/jcandstwoobea^^ 

srliprpyided between rthejpiiiterqshaf t l43and/the^corresponding: drive 
0 r-r housing 16 uppns#hich that jjdrivelisa mounted? ^Similarly, a 
3D r disk-j-31, d s± af f dxed to^the, louter: £ extremi tyj of-r :the;> Annefr^shaf t 

2o 5ol%A:?^ ©f 
35 9D j.opaquej port ions- rx which : pas s y be t we eii > j_a U( l.d ght - emi 1 1 ing - diode 

2-r : hqusing^ n 3^rr^d3ria r read ^head^--^ from ^ jwhictyvaj: signal} is 
5 3 ^^ n ^JF4-^3^id^P 9^ ^^is^PP^PPpi^^f externals -cdrcuifo through a 
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awon_signal *f eedthrougif £35 The-~roto*r 9': isoaf f ixed^to^the inner 
ax shafts 5?- r ahd^ -the stato'r^l0i 7 is affixedfto^thei driven- housing 36 
by a stator clamp 37,- ipositioned'sbothatctherstatbr^lO" can co- 
ax eact "with*ithe"> r6B6f 2 9/^-ahd -two^ bearings 538;^39 are* provided 
S^i^betw^eh^ ttie^inn^r^shaf tf-S-^and ^the ^corires^ 
becc36£ U pon^ifich that drive- is ifiounte'd^^^ oehoo elcLszlua s 
bear 3D e The T derive ^housings -1*6 ? 3 6 %re-of^ Special^ donf iteration, 
us Hand provide^ah -i^Vrtarit^part-'of tliei va^um- tight ^ 
pax = which Ve'parates the" eWcuated-^ device ^frotri the 

lO'o atmospheric -air regions" r df 7 the^ device, -The two dri^e^hotisings^ 
vIlHafe^sxfhilar in"shape ahd-^e-cdnn^ an 
3d adapter- 4 0 : r DeriT S^^snsa erlr vlsvx 3snns3lA .hs^zzca 
io v :sj 3 x > Ve r 1 1 c al T mdt i on "may be^im^arted -to theP shaf t s"by "vertfical 
c :i x :m6vement £of • the^ drive -hdus ings -wliich iri^ turn" are 3 supported on 

ISad \t wo 2 linear slides 04l3arid twos lead: screws :42 .a;!:Altefnates to^- r 
c;:x:the leadcscrews-with irotary. motors may_ be: linear motors ^( servo 
on x tor 2 stepper )z or-5 a ^ voice-'coil^iorasolenoid. 2c Thee. vertically 
movable drive housings are^separated^f rom the i -mounting -flange 
is3 by e suitable ni bellows ^43 , erahd 3 the -iduteri: extremity of the 

20:-ris;outermosb drivel housing els' closed ubf f iby^an^endicap 44 Thus G £ 
abothejrentire; -region iwithin ' .the ; -bellow's }w drive i*housingisI'and> end 
ax cap^Jmays beoievacuated, . £ahd~:>£f rictionali motion £ inside oxthis 
s rlevacuatedcxegion^-isx limited xto cthajtrrof s the cvarTous^bear-ihgs . 
t £ z p:ix 3 Each?> drive Ehdusing has^alportfioi? whi ch-passes 3betWexf its 

25 he 3 respective crotor cand rstator^ixahd sufficients clearance* must be 2 s 
b ^provided rbetweenethe^ rotor ."and^ this partxrof ithfe drive housing. 
sd3 0.7 beAipriorxartxdevicel'Tis -sKownxinOFigure^S ^Rotary- mot ion 
svx is infcarted&to:th^ devifce-'by rotating 

^o^.the £rotate'3plug3sritExtie^ £He^f-£og-iegs 

3 0s^sis:;achievgdxby3^coxlnterrrotationi £the rextend/reti'a^t^ drive 0£ 
svx shafts noqThe ^structures of ^€he r apresent3rihventidn xedticeslthe 
s , number. ^and type-idf* seals ^required t>y± thenuse of Concentric 
3 3s shaf t s^constructed^^ ^TOfe-prioir-art^agvice 
3:o shows -that^cbhtrol^may^bW^ ef f^ted ^y £ (d) I fein^le°rdtatlon of 
35 aicabshaf t^and - W^-fcburiter^ot^tiofi^of two^shaf ts^in tKePdevice E £ 
sx of -the inventtei, ^(1)^ is ^provided *wheh the^oncentFi^sfiaf ts 
s rrotate together and~(2)Xis provided Iwfien^^ 
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3sn ^counter- rotate }3 In this -device irotarycmotionris -not limited 
:o ccby^ the' r basic^mechanism; i.but r.may: continue cin-eitherxdirection 
3&3 nforwariy desired angle^oxvsb iszensTi nrxs bs^sluox^s as 
ax £KT , V e£The" 7 ' three -motions M and cext end/re tract) 

t5? ri:may 3be 3 siimiltaneously,s:activated .todtprpy.ide/lanyG^desired 
3 ioiistra j ectofy of Ithe*: Tend eef feet or .^sQnxthe fpther^haJid^rin some 
a 3 5sr:'appl i'ca t ions^ s al 1-ixthree mot ions enntayr j £nqfr cneces s ar ily be 
ax £ a:ctivated;i*cand;the scppe:;of Ttherinventionrlincludesadevices in 
Isxbswhich only. -one or two -of ^the iaf orementioneddthreejrmotions are 

10 activated. . noi-crr C 

CKoria sqvrRef erring :riow Ito^Figure; 4rin conjunction with::Figures 1- 
rsn-s 3^Cthe Pouter ;shaf t .47 is; connect edb to jpne supper -arm 151 and the 
c-jj inner ^shaf t^5 is connected itoi^thei other :-upperx arm:t52 t :of an 
5 nz articulated "arm^transferxdevice: such, sas xthat xshown-JLn the 

15^^*i*af orementioried U1S .^patent 2 Not 5/180, 2767X Fori: :0~ .mot ion tv(± .e; - 
Hr:o±:rotation -of^the ^eiid-ef f ectors 53 )s3both:z rotors -t?; c9": turn in 
do z ^synchronism -in I one" directidn(-x3iFor^R amotion i.(i . e;o extension 
^srl^cand ^retraction 3 of ^the eendp:ef f ectors-i:53 ) s.eachocrotor ?1 , 9 
mirrors the other with equal: ebut sopposites rotation. eriiThese 

20:13 motions^are conputeroc6ntrolled/l£u'sing3:inputSj from the two 
on , ?er£c'ode>T&.^3o'x) i33uo edj no bs^nucrn ax yIcuts2 3.s ^eblijorla 
srfj 5o no.wh'eh^l:otors^-7;3'92 tuini r ..ih7 syrichrohisml:in: cone ^direct ion, 
- bn9^ S haf-tV»*41-» 5 2al sb>-'tufn <dn *that^ direction . 3 Referring -to'fFigure 
So ^c^cnifirthe ^sliaftV>*4^ £5 r -turh 3cl6ckwi"se /- thexupper 'arms^Si, 52 

25:r^alslD~ turrit clockwise7° along bwith^ithe* restbso&Ithe^ apparatus 
shown in Figure 4. Conversely, if the shafts 4, 5c turn 
^sJijTcoiuitercldclcwis'e^-the ^entire ;apparatusishora*an3Figure 4 turns 
% ^©"counterclockwise .saclf /aioncthexother ;ihahd73 the ;outeri;shaf t 4 
srU turns x^£clockwise^eliwhile e^Cthe* gcinner^ijsshaf to^ucS srf;turns 

3 Ojlaijcco\intercloclcwise, r xthe: uppers arm;51nwi"Hi turn clockwise rarid the 
upper.o.armi 52 n.wilrl^Sturri J counterclockwise/. erfaThe x Resulting 
bns movementfeof* both^ endi:ef f ectbrs I53o:-ds^£dbwnwa'rdcfihI Figure 4. 
a:?x iGohversely,^ift:the fouterl shaf t c41turns^, colter clockwise {.while 
hbo theuinner^jshaf ts5 ^turhs clockwise ,~ the tuppeir carm J5 l^wilfo turn 

35;oxa.coxinterclockwise . andsithe scupper/ iarm 3 52:> JwiH sturn^iclbckwise ■£ 
3d vThe (resulting: movement "6f ?both? enda effectors, c53;iis ^upward in 
Figure 4. * .tsau 
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beJisnll ^Referring -now^t 6 -Figures t6 aand 1J the jouter r shaft -4 has 
aoi^oaf f ixed^thereto =a rb'lbck 54 ^in \which> thelupperi slavjexarmiBS of 
an articulated arm transfer deviceesuch as^that shown ^in the 
(3D£?af orementioned co-pendirigoapplicatioh:kSe is 
:"53^isrdtatably3^supported. fcsThex:upper^ldriveH:armi56 sof snich an 
2.7:02 articulated -arm transfer device 3is faf fixed to the^innerishaf t 
sd Y5 i s63 ^as^-tb rotate: ^therewith".* eln^this'Icase icthesctwb cshaf ts 
ni asrotate^ih^sjmch:^ 4 is 

ais sheld^f ixed^M^^bnly^thetcinn is .-rotated for, -radial 

10 motion. .psasvi^os c: 

-X as-irpx^if articulated arm N - trans'f er>;device nof -the .-type shown 
srU tin i£he^aforementioned>~^^ and 
H£ 2r4/9097701^e(such:saso shown ^iri a Figures 5): isj!made ^with two 
srict :cbncentricHshaf ts^lran outer^cshaf tint or rotate sthe-arm^ in 6 

153 . 1 ;mptiontandran inner, shaft to : generate, ^tend/retract c mot ion; £ 
nx rrifcf is possibles to j rotate the j appropriate, .-ishaf t xcopnbinations 
cciaxwit-h- one. motor ±(and ;encoder) rrbycusing two, brakes.; none -pf-which 
2 t r win* clock 3.the (inner xshaf t^too the louterj shaf t r sand * the ^other 
assrilthe. outer! shaft xtoa the -casing r> a ri^iv/ xsriJo srU aio^k 

20wa sd3 mrXfi thejcputeriishaf t5eisoiockedo:ito;qthe casing and thei: 
shoulder assembly is mounted on the outer (rotatehfshaf t, no 
,noi:rotation:cof -JthesJshoulderi will rbe; possible^otRptation of the 
e^ijgiinner ^shaf t ^by a . motors-attached ftp rit/owillBgenerate^iextend- 
cs x jretrac£ motion^as isahowodonenby jthe ^epct^ejad/iretract: jmojyor of 

25ii^&:anjarticulated^arm transf er^device, of 3the>type shown in JSigures 
ntrxiJ 5? , £ sdiBfia stia 21 A Y^ sa:csvno ^ • ^ sxongia ni nworfa 
arrcuzj £ 9^Gohversely;rfeif uthescinnerishaf td is,elbckedlt03.theo:outer 
32;shaf t^no extend/retract emotion cis, ipossibl'erfoclf ^'therefore, 
axni/ithe couter££shaft /casing brake AsixreleasedpCorotation-rof the 

30 d3 firmer ivshaft> rby/3 the: wmo tors willriJ result a iin'ocsimultaneously £ 
oni ^.rotatirig'Tthe out'er^rshaf & t jran&> theref oreivinSft motion eqqu 
. £ srzxjQil If zboth vbrakes"; ,are31ockedsat:£thex.endJof each imot-ion^ and 
eXirl\theri- T the^ appropriateibrakie :iso;released / eione , :-encp"der pwheh its 
frcx/U si^al'eisnconfoined sin* ascomputer with JtheJbr^et:COtnmand> can 

35 aaxvifidicateithe -motion^ of ^eitheruparameter . elfisgreater^precisiori £ 
ni b is ^creqiiired^^two 9 encoder s^ Jcas 3in 3EigureT7l2n(il,\;231) smay be 
used. * . ^ SlLLTofZ 
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al Lz^m'j By proper ^design 7 and ^use ^of 5 magnet ic> anal ndn- magnetic 
b;zz materials, -if is po'ssibleBtormoxmtrall^oving'pafts^cincluding 
si .-brake shoes' and r.motorrro tors ,5?inside of ai^sealls^^^ylincLrical 
-ru^acase p ±while placing 6 theiimagnetalcbils bof xcallv sc'bmpoheirit s in 
5 hi) s atmosphere; outside theocasing^farhis; will .'eliminate :the~knowrf 
riDsis outgassing ^problems and:;electrical cf eedthroughs .whlchTdegrade 
1* r r performance .of isyst ems rhavingr active Electromagnets iivvacuum. 

£\ While this -.mechanism iwillt work \with~iany; of .the extending 
oris arm. assemblies,, typical rof rrobots^manuf actured^by the^a'ssignee 
lOhr^of ithe instant application^ a ^particular- advantage ^is^achieved"- 
. ~I when .using the 'aforementioned aria" shown in Figures ^6*~and^7 and 
used in articulated .arrrutransf er devices of -".the type-disclosed 
s^Ls-rins the - .aforementioned dsco spending a application^ !"serial~ No. 
,H\ 997/773, in. -that rbnly "ohe^driving^ "shaft -is" required' at^ the 
15:^ 3 shoulder, ^eliminating^^the srieed-3of£ ^gearing on" c tSp ^of D the cx 
. : '± rotating '-shafts? easjon o3 asv~aa ,1 OX tso^szrs 

.--j'- ^.:Referring^cnowato"iFr^rep^8^ a^ mbun tTng - - f 1 ange^ 6 1 is 
? r : attached to" an^apertured^regi6n r of- : th^bottom^wal o f % "vacuum 
^^xhatnber within which an "articulated 'arm-£fans f er T devx'ce r 62 is 
20 5-1: ^support ed - The3 art iculated- arm* tfrans*f er ~device v 62 b is shown 0 
ras "being* -of ~the**-typfe* sfib\^'-in t£ Fi*^rM* Xi 4 n and? r S r . si The e mounting 
5 -f langeq itself "has a" cent ral^^apef ture afc €hrough s * which two 
ssrcbhceneric ^output ^shaf es^^^tend? 3eJ ^Th& d o{Ae^ Ji shalt D is 
1 3^de*sighated^63fT and- the^^iimef5%haf-t 3 'is ^B£^J^ J ^^^ m thB 
25 extremities of -the output s h a f t s ^ w i t h x n° t h e e v a c u urn^ c h afrib e r a cS 
-lipilot -hearing'' 65 '^separates £Ke T sKcTf ts x anS r supports 0 them upon 
ai ea"ch"?other^i^2Th^^ - 
However, in the device of ^Figure^S only ^oneT slial^t 0 is Fj rotatably 
•zandiriveh 2by -:-a -1notbr,^3ahd 2fot3£ion^of :B the ^tiier 5 4;haft is 
30 sncdeterminedqby-two^bfakes^sfene of £ whicfi i causes the a sliaf ts* to 0£ 
t 32fotate together/) and ^ho'ther ^f^whi/ch ^aTTse^the a other ^stiaf t 
v c.3tb iemain £f ixed £ 2 ucThe^f brmer-^ moti&n^^serves i £o^ro\Bte°\he 
Ior<u:ticula^^ the r -^afcte2? motToh^erves * 

93=toBextend" : knd^ re£ractUfch^~^t-io\& Eransf er 3 device . 

35 t £S r^sThe^irmer^s^^^^ 

bnrextremity lof --the^ inner^sha^^^ 

extends beyond the corresponding extremity of the^oufcSr shaft. 
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oirc Airbrake 665 comprisingica tdisk^67*Ttpf atnagnetic material is 

supported ^on^ the; outer jrsurf ace* ,bf cethe^ outer , shaf ts-637 and 
Lzzl cooperates; -with :a . diska:68 4 s of jemagnetieb material swhich is 
as. ^slidably ..supported inside^a:casingi69 spf . nonrmagneticp^vacuiom- 
5r.% ro^tight immaterial .C« * * A iiraagneticoocoil sL70? 3u whenrncenergizedf- 
sos -magnetizes .-the tdisks :67 ?o68^ so-ttHafc theyapress 1 against^ each 
. r::u vother: and -act-ras , a brake r ^preventing:? rotation aof ^ the 3 buter 

-Shaft ;63 . T;c Similarly ;-?zav brsDce^i^cbn^risihgsa^disk 72 of 
aen^inagnetic material .is ,:supported ronlthexouteri /surface "of the 
IQoe -outer shaft - 63 # . and .: cooperates rcwithiarcdisk ^73 xbf ^magnetic - 

material which is slidably^ supported -3 onl the dinner ^shaft 64. 
05 3 A magnetic coil; 74, when energized ^magnetizes "the -disks 72, . 
. o/I 73^ so ^ that , ,they. press ^acfadLnsJt ceach90ther^:cUid^ r act :sas acbrake 
sdz 9*3 99 u PA\ n ST locking -the zJshaftsjrto \each zother.c A "motor 75, 
15 3d:^ c ?5 st ? r 4 ct ®d similarly^ vto^the eConstrTictiori;iof ,rotoro.9i andi. 

stator 10 of Fig. 1, serves to rotate the^ inner tjshaf t- 64. 
zi± More ^specif ically, a rotor^TjS ^ is .3 support edt-on Q.the outer 
/nu^:?. u . r ?. a 5® 9^ ;,the innerj shajEt n 64,^andsa^correspondingrstator 77 
3± Sw^PE9 a ^5^a9Hfc?ide t^JEj;?pfcprjt5?JS vib aoThe istajtpr a77iis>part 
20 rivo..9? ^^i v ?^which rotates^ ^ The ^rotorxTfi isO 

snx^5f Af* e ^ e vacuum and j^^«tator- c 77j is^pu t s ide othe. ^vacuum . 
owzr roJ:r?^ e :^^ 77 jnay prm i partislQf a 

si c ??X?? t ^^ M^fcalb iSeries 

sri- Tn ?5 aif ?9?^^^ b yiM5W Tec^plpgy >a: Inc^rf^ 200 5 Thirteenth^ Avenue , 

ncqo- iTTBri^^^^q^feipEtis -ij^arted to a tbe q iiiner; shaf t 3 i64 £>yiwell- 
. alfe9^^ er 79i^ch^ism is 
Ylc£^iiS^£9;3*?j cpils iqf, the j:^tatozj 7.7 Jivsb eri J nx ,i9vswoH 
ax ^iSfeo 78 ^*! affixeditojthe puter k ;exjLremity yof itheiinner 

30 oc? f£^?&2 6 ir;;? l^if-odisk^has^a codedspattern^pf YOpaque^portions o 
risY^^rB^ 8 ?- rJ=?^9H9*L J 1 -Witjable -encoder i7_9.s (whijehatnay comprise, 
«.d3 f ^j^^PPi?' ^lAg^T^^fetingadiodei^ipusing xafld xahiread head, 
E.9\*S5 n iX^ < 3Ji % JjkSSalj-A 8 £rans5u.pted -tp>Ehe x apprpp.riate^external 
. Si^SBi^SteJSg^ a-^isn^^edtJirpughJjoB^ex shaf ts. 1 53; / - 3 64 -are 

35 srf^PJlo^ed-upoiv^ 63, a 

^^^i^P^:^^^^ 1 ^:^^^^?^!.,^^^^^^: the;iouter -sha£tz63-^and 
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The casing 69 is of ^special configuration, and provides 
an important part of the wall which separates the evacuated 
regions of the device f romj:thevatmospherici-air regions of the 
beqq= device cis 3~xu3~ibqs rts oaivsd srzuBoLDns mx/z/Dsv s 
iS gnx bi/IorXertical :motionsmay.;b_e imparted ;to jthe eshaf ts^by ^vertical 
movement; of x the ^casing 69.cinaa -manner rhereinbef oire ^described 
avi^iiil ^dCprmect;ipn^ithxPigure,cl As^nuom trSsda is3isa n& 

The casing 69 has a portion which ^passes ^between the 
rr-.ro tor 26^ and 3:Statprjjc77.->x£and;± sufficient: clearance must be 
10 -x ^provided between cthe rotor x 7^6^and^ the,rcasing^69 ^xwe^eaa GZ 
Having thus described the principles of 2 zt he reinvent ion, 
together -with^illustrati\renembodimentS3.thereofi 5: it is to be 
understpod^that-although^specif icxterms are employed, they are 
svxiBised -.'in :a;,generic-andr:descriptive xsense rand :not.:f or purposes 
15 of limitation, the scope of the invention being 'S.et':;f orth ifi-£ 
svxrithexf ollowingsclaims . bszs no bslnzsozi 10^3^2 brxoosa 3 

I claim: \ ^rrioircr: 

bioa nccw- Jis.cia -zsluo bxsa gnx^ccqr/a ^cixtr^sd ^olxq s 

bns \ lenni 

3 aasiqrnx c.j sioisja bxsa 5o ilosa pnxaxjso 101 anssnr OS 
os io3g*z svi^Dsqesi aJx ncqu bLszl ax^9iiP£iTT0iJ09X9 eldsuix-'a • 

. odstrsrf:* rtoxJo/n y" 1 - 5 ^ 0 "^ 3:xsq;T7x o3 as 

;XTxoqqLfa b cS 
set oj as 03 a^xoqqt/a bxsa no bsatcoqqua rrrxs -ssqqix ^at£±5 s 

sd oJ as 03 3-xoqqua bxsa no b33ioqaua nrts -xsq^au bnoosa s . 

;axxs £moo9a s xJuocLs sldLs^jsuo^: 
vd nsvii.b sd oJ rnrzs -xsqau bnoo93 bxsa gniauso 102 anssni . 0£ 

\ons trsqqu jaixi &xsa 3o no i 3 s-:? 01 
•fans 3a:ix5 bxsa oJ b3 3sIjjDx:J:rB smssTOi 20 ixsq 3a3±3: B 

• % arms -ssqqtf bnoosa 
bns j 21x1 bxsa o J be Jslixoxa^B snnssiol lo ixsq bxiooea b 

; axfriB 33qqx/ bnoosa [ e£ 
riofis nsrf:J rfdpnsl 192291 5o paxsd 20ns -xsqqxr bxsa io dpss 

;fin59103 
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asoivoiq bns v no i r s-zi/gi irrc o IsicCIAIMS ax €3 ^aiaso eriT 

sriJ 2o a no 133^ -Apparatus j:couiprising :01a eoxvao sriJ lo ^01521 

a vacuum enclosure having an aperture ando*a r scapped 
53oxitijJDular3;meTnber^moim£ed^over csaid ^aperture sand '-^including a 
bsdiuf irst edrive ^Housing ^and «a ^second drive -housing ; snsi-svciii 

an outer shaft mounted lon^and *inside^<5aid a £f irst^drive 
sriz? /housing by^ bearings";* noi^roq s asrf ea onisso eriT 

jsun eansinner shaft i within nsaid~^buter3-*shaf t^ and concentric 
10 therewith 3and mounted on "-and ^inside said^second" drive 'housing 
,noi;byj^bearihgsV > asIqisniTcq or<3 fcsdi-c-asb 21/^0 pnivsK 
sd 03 si ah firsts rotor^mouhted^onssaid -outer istfaf t; -—^-SS-^ 
s'xb yen" , a^ second -rotor amounted -on ?said dinner; 'shaft ; 3 a~ehnu 
Bsaoq-suq :a>:f irst rstator amounted ion sand cout side t said 'first-drive 
15.i n\ho_using; pniad nci^nsvni 5o sqona erlJ ,nci:£: i/nil 10 = . 

a second s tat or mounted on and .outside ;said. second' drive 
housing; :..-±:slz I 

a pilot bearing supporting said outer shaft upon said 
inner shaft; and 

20 means for causing each of said stators to impress a 

suitable electromagnetic field upon its respective rotor so 
as to impart rotary motion thereto. 



2. An apparatus for transferring objects, comprising: 
25 a support; 

a first upper arm supported on said support so as to be 
rotatable about a first axis; 

a second upper arm supported on said support so as to be 
rotatable about a second axis; 
30 . means for causing said second upper arm to be driven by 

rotation of said first upper arm; 

a first pair of forearms articulated to said first and 
second upper arnjs; 

a second pair of forearms articulated to said first and 
35 second upper arms; 

each of said upper arms being of lesser length than each 
forearm; 
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: gni 3 x^qr-firs t ^holding: means ipivotally ccoupled>to-1said £f irst pair 
of forearms and second holding means pivotallyqqoupled to said 
ed csecond=pair\of-f orearnis*; an -engagement* be tweericsaTd^first pair 
of forearms and adapted to ; £preventxrotatioh3 of^cfsa'idof irst 
5:d c holding means ;a and i anTcerigagemente be tweenqsaidosecond pair of* 
forearms and adapted to prevent :o rot at ion^dof sisaid^o second 
b 5r holding Dmeans;:iand^ gnxaxtcqnioo. ^nnsrio: 5o ixsq s 

bsrrsltdrivingmearis .capable: ^ olfDdriving>:said t f irstcupp'er^arm for 
rotatiorii.thrbugh.ianiangleTin -.thejirange cof £f romsgreafcer athan 
10;-£rl202aupitorand ,ihcruding2l805xto:move.":said first holding means:: 
V-Xoxbetween? -a kefirs tolext ended I position fand:ca^fdrstisretracted 
eno positionrwhileiaxx^D sol a risers bxus x >!nil bxsa no bsJ^cqqua 
stiz simultaneously smovingicsaid*osecond*5 holdings means x between a 
second retracted position and a second extended*positi6n7-said 
15 ; - driving qmeans ^including ^the if oil owing icdmpbnent s ^3 £ £ 
bzx52 no a3 -vacuum: I enclosures-having^ an q 'aperture- arid 3 a capped 
tubular member mounted over said aperture anS^ihcluding a 
first edrive Xhoxising ^and^a -second drive ohoustxxg joi^B 
~ eqqix bx.7an^outer:^shaf t ^moiihted;-6n dand^ins>de~osaid>if irst drive 
20 housing by bearings; \^zsrfa 01 

a^£&-zG*ane±niier ^haf t^ within' -said^ butfer ^shaf t^-1and"Qcbncentric 
therewith and mounted on and inside said second drive tfousing 
ois-byt (bearings ?3-X 3s paiviib so sldsqso anssnr onivi^b 
mo^i 5o =a:r.f irst^rotor Imbtm^ -xsaau 
25&xsa svoa secofid3rotior-imountfedbon saidlaniier Xshaf-t; ^9j£^ 5 
b3jasiJ9:a if irst st^tor -mounted ^bii and HDutsade ^said : first^ r drive 
^ni"houslng;Sr[J enifaulonx anssrn pnxvxib bx-sa \noxJi2oq 

a second stator mounted on and outside said-secfond'^rive 
bsq^hbusing^^s . siuJisqs as nnxvsd s^ifsolons muLOSv s 
30 b pnxbi; Ia^j)ilbt bearincj ^su^ said^duter^^haf t^-upon^-said 0 

inner shaf t5;~iand^rf svxib bnooea s bns pnxauori evx^b 3a:ix3 
evxnb j ameans xxf or3ftau*sing*ifea<:h r 0 f ^aid'^st^tdrs^xjfco nimpress a 
suitable electrgmagnetic field upon its^rre'spfect-ive^-rotor so 
ox^-as^'to^it^ llsda ssaai ns 

35 onxai/orl evxib bnoosa bxsa sbxanx bus no bedm/om bus riJxws^sri:* " a 

; aBoi:ifi9cl vd 

; J5sria tsJxto bxsa no bsonuom io^oi ja^xi b 
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-xisa 3a:rx:3 .bxjsrAn -apparatus \f orxtransf erring zbbjectsvi comprising: 
bisa o3 b£a.csuppqrt ; ztovxq anssm onxblon brxoosa bos' butts 5-31 10 
-xsq ^3^xiaf:first:supper armxsupported pn-sc^dyjsupportqso^assto be 
Jattirotatablej aboiitsa>f irst\axis ;:>:* bs^qisos bns aj-nrss^o'i 2c 
5io :rxsq ca:>secohd5uppervarm: supported lon^said; support jsoiassto be*, 
bnoorotatable r about i a^ second taxis; oj hslqzhs bns aim s axe z 

a pair of forearms, comprising an*rf irstsf or^arm r .cahd a 
"xox secondjcf orea2m,b.saic^r.pairbo'f o f oreaanns'abeing^rart'iculated to 
aiiri^said sf irs t cand -second :upper .'arms £ bysmeansoof x link 3 means ; 
lOznssm cnxsaid 3lihk txheansvccomprisingina jilink, branozupperCIshaf t".z 
dsj crot at ablyiisupported on h.saidj link/a;a-irloweri';shaf t^r-rotatably 
supported on said link, and means for causingcrotation^of one. 
s nishafti intone senselto cause^rotation^of vthe others shaft Tin the 
bxBcPppositej?ensje.;3^x3 bnoosa s bns noxJxeoq 53j3£^J£^ hnooez 
15 said^f irstTiupper xarmibeing,if ixed ^tonsaid^upperishaf t ; 5 r 

beqqao 3 said; second 2 oipper, a.rm:'being^rotatably;iirioiinted on said 
s ^Ipwer^xShaf t.; sTucj-xsqa bxsa *xevo bsjnxfCiT: recL-nanr -r.slirdLr:? 

said- f irstof orearm being ^f ixed.it or said -lower cshaf t > 
svxxb 3 £-_saidj;second :f orearm ^being; ro.tatably^mounted j on-said upper 
20 shaft; ; a pnx tinsel vd "grrxaiicrf 0£ 

3X3 JasDccholji^giTneans -pivotal ly^cpupleja/tpisaid pairrof^f orearms ; 
pnx^jyli svxib b.aocsa bxsa sbxsnx bns no bsjmxoni bns riJxveierl^ 

driving means capable of driving at leas.tndnee^of rcsaid 
upper arms :?f Ari^rot^atdpno of from 

25 greater ^hanial2A?inypbitpj andb£including/ol805o-toj move said^s 
sv-x:^lding: means £betj£een tan. extended epos it ion andxia ^retracted 
position; said driving means including the ; p x f plipwing 
3 vx PP^Paent Sr fia sbxaJxro bns no bslnuom -io3S3a bnoosa s 

a vacuum enclosure having an aperture and^a 3i capped 
3 0 b i: 3 fubui ar j ^members imoimt ed 3 o^erj-sa^d^ andicincluding ao£ 

first drive housing and a second drive housing flsria :r3,anx 
s aas^qman oQuterDcshaf tb mounted ron;£andi jinsidexesaidrxf irst drive 
03 housing/ byafee.arings; noqxr blsxi DxJsn^smp^osIs sidsllisz 

an inner shaft within3rS.aid3io,uterrishaf t janci^.eoncentric 
35 therewith and mounted on and inside said second drive housing g£ 
by bearings; 

a first rotor mounted on said outer shaft; 
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nista^second^rotor^mountedobnosaidainneriHsliaf t; - a 
fce-;u;c~ f irst^stdtbr £mourited<Ton^ ahdc.outside ^said 'if irst: 'drive 
5o housing 5 s asd ^isria onooea bxsa nxs^srfw .ncsisri^ 
% iiaxb b^ia f :second"stator£m6\mted:on jcindt outside::said? second^ 'drive 
5 iBxhqusing'/lexros/n 5o >Iaxb riJii:^ s asrf ^nxaso bxsa nxe^sriw br:~ 
bndDss bas.pilot ^bearing supporting a said 3 outer a-shaf tboipon^rsaid 
blsihner 5shaft;aand^ bsJq^b^ pax ad 116-3 3a:ri:l bxsa. ^axb 
liazb ri-^mearisBf of beau's ing reach 3 of iisaid-rJstatorsioto nimpress a 
bx^suitableaelectroma^etic:^ so 
10 Ixoas rton'itrtpartnfotaryimotibn thereto rs bisa ^z&rla Jski 
3 5j5TsnsD ba^qsbB . bnj3 ^nxsso bxBo ebiajL'O bs^rrx;orri 

onxaas^q^oS: Apparatusof dr^itt^af tingl rotary amotion^ to jarrdevice 
pnxwitHinca vacuumj'chamber* comprising cin*\combiriatiori:*~ J bx^s 

a vacuum- tight^tubular^casingaof 'non-magnet i'c material/ 
15 said casing having a longitudinal axis, 

b nisxsra- firsts -shaft ^rotatably^ mounted iinside"* said cas r ing along 
bn^said c axis'; r^said^ r f irs t^rshaf tbhavingxa 'f irs t rdi r sk"o*f -rtiagnet ic 

Jmaterialx mounted ^thereohyH 0:1 bsxxi3s ax r^axb s nxsrzsrfv. 
orrxaasa a^second/shaf t "rotatablyi mounted :inside =sa*id casing~ab'out 
20 said first shaft, said second shaft being tubul ar a £nd ^"having 
a second disk of magnetic material mounted thereon outside 
& ''said^second^sh'att,^!^ sonBb^cooDB rxx BUisisaoA .8 
bxsa nirai/f irst "^coil mouhl:~e!d>'outs^ adapted to 

bnegenerate a^magnetic^ field ^ih fsaid^f irstidisk? fcn ^ ^nxaso 
25 sasvx^O£acsecond.i-cbilnmoiihtedcoutside isaid> r casing r ahd3 adapted to 
generate a magnetic field *innsaidrfsecondidisk,bnoD3s bxsa 

at least said first coil being adapted to generate a 
s f irstivrotatirig^Jf ieldxpatterh^f orsrot'ating5:sa'i~cU first, shaft, 
bnxsaid tf irstiqdisk^beinga magnetizedtsin bta'bpaitterrirci^f of^be^ing 
30 bxirotatedBbyisaidif irst'j rotatingrff ield> patterns biisa nxxl^xw 
exrpsqo 5o n-xezisa baboo s gnivsrf ^axb bxBa , cTasrla * jB^i'I 
' oris eboxs .pn Apparatus^ in taccordancedwithi claim^^^bxwherd'in' csaid 
second coil is adapted to generate a secon^srbt'a'tingpififeld 
pattern for rotating said second shaft, and wherein said 
35 second disk is magnetized in a pattern for being rotated by 
said second rotating field pattern. ^ 
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6 . ; Apparatus jiinbaccordanceawith-claim"^4-,oiWlierein said 
svx-f irs.trishaf t.?has xazr.thirds disk;£Of:xmagnetic a material mounted 
thereon, wherein said second shaft has a f ourjthrxdisk of 
svx .magnetic tnateriarrmoiintedsthereoniad j acent jtoxsaid cthird disk , 
5 and wherein said casing has a fifth disk of magnetic -material a 
Dismounted:? "thereon 3 inside a said casing adjacent 3 tor (said second 
disk, .said first coil being adapted to .^generate lanfield 
s ^pattern of ora-.pressingi:jsaiao second ydisk sand csaid sf if th disk 
oa togethercf or rbraking: action ^coupling said:.second~shaf t to;said 
10 first shaft, said apparatus lalso.vxincluding x ajn.third a coil : : 
mounted outside said casing and adapted to generate a 
soxmagnetic f ieldrin\said'.third^disk'and;fourthzdisk for pressing 
said third jdiskn and -vJsaid.^fourth disk ^together forxbraking 
.Inaction .coupling -saidisecohdsshaf tvtojsaidx casing .v x 
15 % axxjs I sal bu 1 x or:o I a orrxvsri ^r;x:^x xx.^:- 

onol3 ph Jr.so Apparatus iiineaccordancej£with-rclaim a4 wherein a 
oxr sensing ^mechanism ;is supported son . and -within': said vcasing, —and 
wherein a disk is affixed to said rifirst s shaft ,1 -said xdisk 
^ xrchav^ing^a tcodedx pattern n.adapted x.to ^activate .:<- said sensing 
20 gnimechajiism r Ix'cx:X onxsa 3zsti& bnoo^^ b±s& % lisdz ^a-xxx bxsa 
ebxa:Juo nosierlj bssnxiojcr; I^x3sz?£ni ox^sapsm 3o >i3x.o bncasa s 

8. . Apparatus in accordance with\iclaim b.7ra:wherein a 
g:? seconds sensing^^mechanismbisj -supported; pn^cand ^within said 
casing, and whereins a i second idisk:isi af-f ixedroto. saidssecpnd 
25 0 i shaf t^ss^aid ^disksrhaving £.a icodedcpatternl.adapted>ito £activate S£ 
said second % . sensing omechanism.tx - blex:t ol^srrQBm s sxs^caneo 
b 9j6I9H9d bsaqs&s prrxed lloo J2iia bias jasal 3£ 

, uisxla 3&-.1X2 Apparatus cuin ^accordance s^with3lclaimx?7ro-wherein a 
enxlightTjemittdng.cdiode x and sa tread's heads are! a supported foh >cand 
30 within said .casing^ and iwherein^^ax disk:3is xaf f ixed3;to;csaid C 
first ' shaft, said disk having a coded pattern of opaque 
*bxfPPrt:ions:^adaptedsto passvbetween-said riight^emitting. diode and 
blesaiclfreadxheacLTo.oea s sjBisnsg o3 balqsbs si Ixoo bnoosa 
bxsa - nxs-zeriw has . t 3lsrfa bnoosa biss pnxcTB^ox io5 xncsJ^aq 
35 yd baJs^o^: pnxed :ro2 n^sitJsq s nx bssx Jsrrgjsni ax >texb bnoosa c 

. meJjfiq blexi pni^sJoi bnoos^ bxsa 
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10. Apparatus in accordance with claim 8, wherein a 
.second light-emitting diode and a second read head are 
supported on and within said casing, and wherein a second disk 
is affixed to said second shaft, said disk having a coded 
pattern of opaque portions adapted to pass between said second 
light-emitting diode and said second read head. 



11. Apparatus in accordance with claim 1, wherein said 
electromagnetic field is derived from one or* more encoders 
mounted on one or both of said shafts. 
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